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PURPOSE: To produce the highly pure bispheno! A from the adduct crystals of bisphenol A to phenol. 
CONSTITUTION: A method for producing highly pure bisphenol A comprises reacting phenol with acetone in the presence of 
an acid catalyst, crystallizing the bisphenol A-phenol adduct from the phenol solution of the produced bisphenol A, 
separating the produced crystals from the solution, and furthermore subjecting the crystals to dissolution, crystallization, and 
solid-liquid separation operations once to plural times. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Crystallization of the addition product of bisphenol A and a phenol is carried out from 
the phenol solution of bisphenol A obtained by making a phenol and an acetone react under 
existence of an acid catalyst In the manufacture method of bisphenol A of removing a phenol 
from a solid-state component after the solid liquid separation of the generated slurry The 
manufacture method of high grade bisphenol A characterized by repeating the operation which 
carries out solid liquid separation of a slurry after dissolving and carrying out crystallization of 
the addition product of bisphenol A and a phenol with a phenol content solution once [ at least ] 
further before clearance of the after [ solid liquid separation ] phenol of a slurry. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the method of manufacturing high grade 
bisphenol A from the phenol solution of bisphenol A equivalent to 2 and 2-screw (4- 
hydronalium KISHIRU phenyl) propane. It is related with the manufacture method of high 
grade bisphenol A which repeats operation of the dissolution of the phenol addition product of 
bisphenol A, crystallization, and solid liquid separation in more detail. 
[0002] 

[Description of the Prior Art] Although bisphenol A is widely used as main raw materials, such 
as an epoxy resin and polycarbonate resin, for the quality improvement demanded in the 
special use of these resin, bisphenol A of a high grade is needed. As one of the special use of 
this, the need as an optical material grows, for example in polycarbonate resin in recent years, 
and supply of bisphenol A of a high grade is demanded by colorlessness more than before. 
[0003] Although bisphenol A makes an acetone and a phenol usually react under existence of 
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an acid catalyst and is manufactured industrially When a catalyst carries out remains mixture 
into resultant bisphenol A, in spite of having the operation which disassembles bisphenol A, 
perfect or the technology which carries out separation clearance is not in an as much as 
possible minute amount about this, and development of this technology has been desired 
strongly. How (J P,H 1-2 11 543, A) to carry out contact neutralization of the liquefied resultant as 
a method of solving the above-mentioned object conventionally with the weak base nature ion 
exchange resin which has a pyridyl group, The phenol addition product crystal of bisphenol A 
obtained by crystallization operation is dissolved. Are based on the chemical preparation of the 
residual acid catalyst in the mother liquor which separated the phenol addition product crystal 
of other bisphenol A of the method (JP,49-1543,A number) of making weak base nature ion 
exchange resin and strong acid nature ion exchange resin contacting. The reuse disposition 
upper part method (JP,1-156937,A, this 2- 72131, this 2- 72133, this 2- 25437, this 2- 121940, 
this 4- 1 17341) of this mother liquor etc. is indicated. However, these methods are the 
treatment methods using a chemical reaction, they need regeneration of ion exchange resin, 
and operation of exchange continuously, and new problems, such as mixing of the salt to the 
inside of a product and mixing of the basic matter eluted from ion exchange resin for 
neutralization, generate them. Furthermore, the impurity which are various subproducts 
accompanying a reaction besides an acid catalyst also needs clearance of this impurity in 
order to act on coloring of bisphenol A etc. directly indirectly. 
[0004] 

[Problem to be solved by the invention] When [ therefore, ] the object of this invention does not 
adopt the clearance method accompanied by a chemical reaction like before It is in finding out 
the manufacture method of high grade bisphenol A that the acid catalyst and other impurities 
which were kept from generating the new problem accompanying a chemical reaction and 
which remain in the crystallization object of the phenol addition product of bisphenol A are 
thoroughly removable even in an as much as possible minute amount. 
[0005] 

[Means for solving problem] If this invention person etc. dissolves and performs crystallization 
of this addition product, and solid liquid separation continuously with a phenol solution further 
after the crystallization of the phenol addition product of bisphenol A, and solid liquid 
separation as a result of inquiring wholeheartedly that this technical problem should be solved 
It found out that the phenol addition product of bisphenol A with high purity could be obtained, 
and bisphenol A of a high grade could be obtained by from now on separating a phenol, and 
this invention was completed. Namely, the summary of this invention carries out crystallization 
of the addition product of bisphenol A and a phenol from the phenol solution of bisphenol A 
obtained by making a phenol and an acetone react under existence of an acid catalyst. In the 
manufacture method of bisphenol A of removing a phenol from a solid-state component after 
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the solid liquid separation of the generated slurry It is in the manufacture method of high grade 
bisphenol A which repeats the operation which carries out solid liquid separation of a slurry, 
after dissolving and carrying out crystallization of the addition product of bisphenol A and a 
phenol with a phenol content solution once [ at least ] further before clearance of the after 
[ solid liquid separation ] phenol of a slurry. The content of this invention is hereafter explained 
to details. 

[0006] In manufacturing bisphenol A, as a reaction catalyst in the case of manufacturing the 
phenol addition product of bisphenol A from the resultant of a phenol and an acetone, an acid 
catalyst is the most common and a hydrochloric acid and acid ion exchange resin are 
specifically used. A part of these catalyst components [ at least ] are eluted in the phenol 
solution of the resultant of a phenol and an acetone, it shifts into the liquid of the phenol 
addition product crystallization slurry of bisphenol A, and a part brings a result intermingled in 
the phenol addition product crystal layer of above-mentioned bisphenol A. 
[0007] Therefore, the phenol solution of the resultant of this phenol and an acetone is usually 
moved to a crystallizing process by solution form or the shape of a slurry through a decatalyst 
process, an unreacted object recovery process, a concentration step, etc. Although not 
necessarily limited especially as the crystallization method within a crystallization tub, the 
direct cooling method for taking an evaporation crystallizing process and an external circulation 
heat exchanger, or the indirect cooling method by jacket activity is the most common. 
[0008] As for the resultant content feed liquid of a phenol and an acetone transported to a 
crystallization tub, it is desirable that it is low temperature as much as possible in respect of 
crystallization efficiency, and it is desirable to install a pre cooler in the crystallization tub 
preceding paragraph. However, since transport operation becomes difficult if feed liquid has 
the deposit with addition product crystal grain of bisphenol A and a phenol superfluous anyway 
of solution form or the shape of a slurry, as for the deposit with the superfluous above, 
avoiding is desirable. [ the bisphenol A concentration in the liquid fed by the crystallization tub ] 
The size of the phenol addition product crystal of bisphenol A generated by crystallization 
operation, On control of the impurity concentration involved in this addition product generation, 
although it is desirable to control in about 10 to 50% of the weight of the range, the crystal 
recovery at the time of crystallization operation of the addition product in an after process is so 
high that the concentration of bisphenol A is high, of course. As for the phenol addition product 
crystal concentration of bisphenol A by the crystallization operation in a crystallization tub, it is 
desirable to control in about 10 to 50% of the weight of the range. The recovery of this addition 
product improves, so that this concentration is high, and although it is natural, if concentration 
becomes high, it generates and is not desirable [ an advantageous thing / that evil, for 
example, the buildup of piping transport resistance based on a raise in slurry concentration 
etc., ]. Usually, it is preferably controlled to about 20 to 30% of the weight ten to 40% of the 
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weight. 

[0009] Although the operating temperature of a crystallization tub is influenced by the 
bisphenol A concentration and slurry concentration of the above-mentioned feed liquid and it is 
chosen in consideration of these, 20-80 degrees C is usually more preferably controlled by 30- 
70 degrees C. In this case, although the solubility of bisphenol A in the mother liquor of a slurry 
is made to increase and crystallization yield is reduced, if it passes over a high operating 
temperature at low temperature, the piping transport by viscosity buildup of a slurry becomes 
difficult, and is not [ both ] desirable [ operating temperature J. 

[0010] Although temperature operation of the above-mentioned crystallization tub is equivalent 
to said indirect cooling method, when taking the direct cooling method by evaporation 
crystallization, few [ as much as possible ] directions of the moisture in the mother liquor of a 
slurry are good, but it is about at most 5 to 15 % of the weight, and less than it is desirable. 
Since lifting of moisture leads to buildup of the solubility of bisphenol A to the mother liquor of a 
slurry, few moisture contents are so desirable that there are. When taking this direct cooling 
method, it is difficult to bring the above-mentioned moisture to 0% of the weight close, but it is 
also possible to bring moisture to 0% of the weight close in the case of said indirect cooling 
method, and to suppress the dissolution loss of bisphenol A to the minimum. Although the 
concentration of the impurity introduced into the crystallization tub is an important element 
which affects the description of the phenol addition product crystal of slurry viscosity or 
bisphenol A, it will not be restrained especially if it is the range which does not check 
crystallization of this addition product. Although the way near 0 % of the weight or this, of 
course is the most desirable, it is desirable to usually manage many to 30 or less % of the 
weight preferably 50% of the weight in a total amount. 

[001 1] The slurry solution which consists of a phenol addition product crystal of a mother liquor 
and bisphenol A which is the phenol solution of bisphenol A pass the above-mentioned 
crystallizing process is supplied to a solid-liquid-separation process. Especially if usually used 
as a solid-liquid-separation device used in this process, it will not be restricted, but a belt filter, 
a drum filter, a tray filter, a centrifuge, etc. are used. That by which the sheet-like filtering 
medium represented by the filter cloth is prepared in these filter surfaces is desirable. But the 
metal or the porous body made from a ceramic which consists of a penetration hole of a 
minute diameter is also used preferably. Although not limited especially as a class of solid- 
liquid-separation device like the above, the thing of the type which solid liquid separation can 
be carried out, can sprinkle a penetrant remover over the generated crystal layer surface, and 
can wash this crystal layer is desirable. Between the surface of a crystal layer or a crystal layer 
etc. is because the impurity and a small amount of acid catalysts which exist in the outside of a 
crystal are removable as much as possible. A well-known method can adopt solid-liquid- 
separation operation as it is, and it can use separating power, such as gravity, reduced 
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pressure force, a centrifugal force, and surface tension using capillarity. 
[0012] The solid-state component which it was filtered and was deposited on the filter surface 
of a solid-liquid-separation device and which makes a principal component the phenol addition 
product crystal of bisphenol A is given to washing by a penetrant remover. As a penetrant 
remover, the solution in which bisphenol A was dissolved is also preferably used for phenol, 
water, and water-phenol mixed liquor or these. However, since washing operation tends to be 
accompanied by remelting of a washed object, the phenol solution near the saturation or 
saturation of bisphenol A can use it preferably also from the object which suppresses this 
dissolution loss to the minimum, in addition, continuous, when a crystal raises a jam up ball to 
a filtering medium - although it is necessary to perform washing operation intermittently or 
periodically In this case, the various above-mentioned penetrant removers are used, when 
solvent power is required, phenol, water, and water-phenol mixed liquor is used, but when it is 
not necessary to dissolve, an effect also with equivalent also injecting the saturation phenol 
solution of low bisphenol A of said solvent power etc. can be acquired. Since remelting, 
recrystallization, and re-solid liquid separation are performed so that it is not necessary to 
prepare and this invention may be later described especially as a penetrant remover, the 
mother liquor obtained at the solid-liquid-separation process can use it preferably, and the 
activity of the mother liquor especially in the next solid-liquid-separation process is the most 
efficient, and desirable. Although more ones of a good thing are natural in respect of washing 
efficiency, the amount of the penetrant remover used by a cleaning process has a maximum 
naturally from a viewpoint of the remelting loss of a crystal, circulation of a penetrant remover, 
recovery, and a re-activity, and its about 0.1 to 10 times of the amount of crystals are usually 
the most efficient on weight criteria. 

[0013] Unlike a conventional method, the phenol addition product crystal of bisphenol A 
obtained at the first solid-liquid-separation process in this invention is again moved to at least 1 
time of the repetition process of a dissolution process, a crystallizing process, and a solid- 
liquid-separation process. The impurity incorporated by the repetition of these processes in the 
phenol addition product crystal of bisphenol A carries out sequential reduction, and goes. The 
same thing as the saturation phenol solution of other bisphenol A of liquid [ which is used in 
said solid-liquid-separation process as a solution of this remelting operation ] for washing, i.e., 
phenol, water, and water-phenol mixed liquor can be used. In this case, although melting 
capacity originally does not have it, if it is used heating, it Will also produce the remelting force, 
and since the phenol saturated solution of bisphenol A moreover also has few dissolution 
losses of bisphenol A at the time of crystallization, it is efficient. When repeating crystallization 
operation in multistage like this invention in whole process, it is most efficient to use the mother 
liquor obtained as a solution used here at the next process or the solid-liquid-separation 
process in the latter part near it or the crystal penetrant remover in this solid-liquid-separation 
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process. 

[0014] Although remelting of a crystal is performed as mentioned above, the first 
crystallization, solid liquid separation, the method used for remelting, conditions, equipment, 
etc. can use re-crystallization, re-solid liquid separation, the method used for the third-time 
dissolution, conditions, equipment, etc. as it is. In addition, some liquid including the impurity 
collected as a mother liquor at the solid-liquid-separation process of the above-mentioned 
beginning and a remains acid catalyst carries out alkalinity solution treatment, lessens an 
impurity, and a circulation activity is carried out as first acetone phenol reactional solvent. As 
the return point of the mother liquor by solid liquid separation, thus, the remelting process of 
the above-mentioned preceding paragraph story or a beforehand stage, Any of an acetone 
phenol reaction process besides the cleaning process of re-solid liquid separation, a decatalyst 
process, an unreacted object recovery process, and a concentration step are sufficient, and 
when it returns upstream of a decatalyst process, there is an advantage that lifting of remains 
catalyst concentration based on the concentration at the time of a circulation activity can be 
controlled. Moreover, in order to prevent concentration-ization of an impurity or a remains acid 
catalyst in the circulation activity of a mother liquor, the purge style which discharges a part of 
this circulating flow out of a system is made,, and processing separately is efficient and it may 
be adopted suitably. It is desirable to collect bisphenol A economically contained in this purge 
style, and there are crystallization, distillation, decomposition by a cleavage reaction, etc. as 
the recovery method. Moreover, it is also possible to aim at improvement in recovery 
combining these operations. 

[0015] Next, it is process drawing, with the manufacture method concerning this invention is 
explained. Drawing 1 is process drawing of two-step crystallization showing one example of 
the high grade bisphenol A manufacture method concerning this invention. Each block shows 
each process, an arrow shows the mass transfer between each process, or the flow of 
operation, and the inside of a parenthesis shows the liquid separated by various partition 
processes, and its purpose of use. At the process of a reaction (1), the reaction of a phenol 
and an acetone under acid-catalyst existence A line crack, It moves to the process of the next 
concentration (1), when a hydrochloric acid is used for an impurity and the above-mentioned 
acid catalyst here, concentration by evaporation of the hydrochloric acid, other phenols 
[ water, ], etc. is performed, and a resultant is fed as a solution or a slurry by the crystallization 
tub to which crystallization (1) is performed. The phenol addition product crystal of bisphenol A 
is separated from a mother liquor at the process of after-end solid liquid separation (1), and 
crystallization operation moves to the process of re-dispersion (1). 

[0016] A distributed process and a subsequent solid-liquid-separation process are processes 
taken if needed, it does not make to dissolve a crystal into the object, but it is the object to 
remove the impurity which adheres mainly to the surface, and the essential object of this 
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invention called manufacture of a high grade bisphenol is attained much more effectively. Of 
course, if desired product purity is attained without such impurity clearance, it will be promptly 
moved to remelting of a crystal. [ the phenol addition product crystal of distributed bisphenol 
A / a solid-liquid-separation (2) process ] like the process of solid liquid separation (1) More, it 
dissociates from a mother liquor, the crystal of a high grade is moved to the process of the 
next dissolution (1), and it dissolves here, and it distributes also in a solvent and the impurity 
under crystal receives re-crystallization operation in the process of the re-crystallization (1) 
which continues in this state. This crystallization will be performed more in the state of a high 
grade. It moves to the process of the following solid liquid separation (3) after re-crystallization, 
a crystal is divided into said this appearance with a mother liquor, and, as for this crystal, the 
phenol addition product of bisphenol A is heated to the decomposition temperature of this 
addition product at the process of melting (1). However, in this melting process, in order to 
usually prevent this decomposition, after being carried out under application of pressure and 
moving to the following dephenolated (1) process, a phenol is separated from bisphenol A, but 
at a granulation (1) process, bisphenol A is made into the pellet as a product or a partly 
finished product, and is discharged. 

[0017] Next, it explains that the mother liquor produced at each process of solid liquid 
separation flows. However, this flow does not limit the range of this invention. The mother 
liquor obtained at the process of solid liquid separation (1) is returned and re-used for the 
process of a reaction (1), after alkali (NaOH) treatment is carried out. The mother liquor 
obtained at the process of solid liquid separation (2) is used as a penetrant remover of the 
process of solid liquid separation (1), and the mother liquor separated at the process of solid 
liquid separation (3) is re-used as re-dispersion (1) and liquid for washing of each process of 
solid liquid separation (2). The phenol (or phenol water) obtained by having evaporated in 
concentration (1) on the other hand is used as a raw material at the solvent of the dissolution 
(1), the penetrant remover of solid liquid separation (3), or the process of a reaction (1). In 
addition, as a raw material of this reaction (1), melting and the phenol separated at the 
dephenolated process are also used effectively. 

[0018] In the above-mentioned explanation, although it went into the melting process of the 
crystal promptly after the process of solid liquid separation (3), this invention of not being 
limited to this is natural, and may repeat the process of dissolution (1) re-crystallization (1) 
solid liquid separation (3) again. 

[0019] Although the resultant of the process of a reaction (11) that drawing 2 is what shows the 
conventional bisphenol manufacturing process moves to a concentration step (11) and 
concentration by evaporation of an impurity, the hydrochloric acid of a catalyst, the other 
phenols of water, etc. is performed here Since it is completely [ the used catalyst ] difficult to 
remove to an as much as possible small quantity, it is neutralized at the process of 
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neutralization (11) and the whole is moved to the process of crystallization (11). Thus, the 
obtained slurry is divided into a crystal and a mother liquor at the process of solid liquid 
separation (11), melting of the crystal is carried out at a melting (11) process, and after 
separating into bisphenol A and a phenol at the continuing dephenolated (11) process, 
bisphenol A serves as a product or a partly finished product by a granulation. The mother 
liquor obtained at the concentration (11) process and the solid-liquid-separation (11) process is 
returned and reused by the process of a reaction (11). Moreover, the phenol separated at the 
dephenolated (11) process is used for the penetrant remover of a solid-liquid-separation (11) 
process. 

[0020] Next, an example explains this invention. 
[Working example] 

(EXAMPLE) The phenol and the acetone were mixed, the hydrochloric acid was added to this, 
and the condensation reaction was performed at 65 degrees C for 4 hours. Reaction 
generation liquid was distilled and the phenols of a hydrochloric acid, water, and some were 
collected from the overhead. The presentation of a bottom material is shown below. 
Bisphenol A 32.0 % of the weight Isomer of bisphenol A (o, p object) 25000 ppm Other 
impurities 1 1000 ppm Phenol The phenol solution of this bisphenol A was neglected in the 
state where it cooled to 55 degrees C, 64.4% of the weight for 2 hours. The solution had 
changed into the slurry state containing the phenol addition product of bisphenol A. Suction 
filtration of this was carried out with the filter, the obtained crystal was washed by the phenol, 
and crystal sample (b) was created. Crystal sample (b) was fused at 165 degrees C, the 
phenol was distilled off under reduced pressure, and bisphenol A was obtained. The impurity 
concentration and the hue (it displays by APHA No. of the HAZEN color number) of this 
bisphenol A are shown below. 

The isomer of bisphenol A (o, p object) 1200 ppm Other impurities 520 ppm Melting color 80 
(APHA) 

[0021] Phenol 100g was added to 100g of phenol addition product crystals of bisphenol A 
obtained in the process which creates the above-mentioned crystal sample (b), and it warmed 
and dissolved in 95 degrees C. When the phenol solution of this bisphenol A was neglected in 
the state where it cooled to 55 degrees C for 2 hours, this solution had changed into the slurry 
state including the phenol addition product crystal of bisphenol A. Suction filtration of this was 
carried out, the obtained crystal was washed by the phenol, and crystal sample (b) was 
created. Crystal sample (b) was fused at 165 degrees C, the phenol was distilled off under 
reduced pressure, and bisphenol A was obtained. The impurity concentration and the hue of 
this bisphenol A are shown below. 

The isomer of bisphenol A (o, p object) 180 ppm Other impurities 100 ppm Melting color 10 
(APHA) 
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[0022] (Heat deterioration test) Sample (b) (b) of two kinds of bisphenol A obtained in the 
example was heated by 180 degrees C of ****** for 3 hours. The impurity concentration and 
the hue of bisphenol A after heating were measured, and the difference before and behind 
heating (change) was searched for. 
Sample (b) (b) 

The isomer of bisphenol A (o, p object) 

****** (ppm) 200 50 Increase (ppm) in other impurities 9700 120 Increase (APHA) in a melting 
color 220 40 [0023] 

[Effect of the Invention] Although bisphenol A of ******** j s not promptly obtained from the 
phenol addition product crystal of bisphenol A obtained by refining the reaction liquid obtained 
by making a phenol and an acetone react under existence of an acid catalyst After separating 
this addition product crystal, when remelting, re-crystallization, and re-solid liquid separation 
were repeated two or more [ 1 to ] times, bisphenol A of the high grade came to be obtained 
from the phenol addition product crystal of bisphenol A. 



[Translation done.] 
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> 1 7 x j -)i>zmm<nmET-z&j&t<ii:T®m-2 n 
bfcS^«trx 7xy -^ASriH^-ra^ffls^oic *> 

s mmw- i-2ii 54 3§) . mmipv 
% etifc fx 7 x y a© x x / -)vmm>fs§k*:m 

izmte-ttttti: mmw4 9-1543%) ©ft&f x 
y x y -;ua©7x y -JWlintiiea^»8IL fcsss* 
©S#BS^©<t¥«a!igK«fc*. Stf3Sg©BfiJffltt|S] 
±#ft (4*88^ 1 — 1 5693 7. 132-72 1 3 1. 
132-7 2 1 3 3. 132-25437. R2-1 2 1 9 
40. 134-1 1 734 1) ^fc§g*anT<A«>. Lfr 

0. f&A.?<*>2&8}Bg©fS±. £&©&ffc*<&3IT 

ss*'v©m©«gA. *fpffl-f*>5j^iig^e, 



sic. mtmam. Eimz&?&mw±i8.<to-e3!>z 
tx x x y -)VA<Dmm\zmsmmzKm 

fcfc®. C©**6«3©|S!?*fc#g-C&a. 
(0004] 

B««fi£3|E©J:5fJ:ft:^69a£:S:^5^^ffiSr«ffl U 

Vi«t5«clxfc, exxxy-^A©xx/-;K=tio!Ki© 
.aMj«?ics®-r-5»)5!ii«E^©te©^ii6«>»s^«cxfc 

x y-^A©sui^ffis:i.v»m-r ^ t \z$>*. 

[000 5] 

«»T'«a«Bm«rLte«S*. fX7xy-;PA©7 

«. M*©iisntfx7x/-^A©xx/-;K!Hra«rS- 
^ict^T^r. :n*^7i; -JH& iHBrt * z\t\z 

«fc 0 iS*fi&© fX X x / -)VA £#-5 C * C t 

S&V»fc*U *«w©Be»i 

»«jlK©?¥«T«C X x y -)V £ 7-fe h >^EIS $ 

^nstfX7xy— ;VA©xxy— ;i-iSA^ex7i 
y-^A£7xy-*©ttjn'&£atf£it. 4«i/fcx 
7 u -©@JK»«ii«, mftd&frz 7 x y -^si^s-r 
at*x7xy— ;i-A©iSj&i5j*tc*v>T. X7'J-©@ 
*«7i y-;p©K;5&gsc. x^ft < tfe m. 
t x 7 x y a 1 7 x y -ji/©fjfin%Sr 7 x y 

®«fa«fc«x7'j-©@ts»js*-r 
ssfpsr» 0 musm. fx7 x y -ji.A©sig^aic 

[0006] ex7xy-;PASSsijfrsic*ifco. 7 

xy-^t7-tr h>©£fS£j*$M>€> k'X7iy-M 

©7 x y -)\>mm*®&t zm&vBLi&fmt lt 
a. KWKA'SfcHKWT&o. &imiz\mBttfrm 

< a: t>-8&tt. 7x y -;i,t7t K ><oRf£±f$L®oy 
3L;-)vmmwzmthv. tfx7xy-jbA©7xy- 
JWJratiSffx^u-o^+ir^fTb. -8Stt±ffitfx 
7 x y a©7 x y -^^^aec^tcjifiE-rs 

[o 00 7] SEoTffl««. c©7xy-;i<t7-irh> 
©Kf6^B^©7xy-;i/fiSifitiSKeMxe. 

8kViXM\Z&$n2>. SW«lrtT©ffi«f^<!:LTtt!|# 

[0008] a^ic^ansxxy-^ir-t k> 



(3) 
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a 1 7 x y -ji/©ttinB*itsiit4©i§$i©«T mw&o xtt 

;PA©7xy-;Wtfini&lisa©*§Si:a\ &{lira«j& 
i&\z%£ii i &nz*m3ffltn&m±> i o~s oaa 

x /-;i/A©i8S7)«St-»St*«ie«c*»t*#lD«i©tt 

ic<fc «> ex 7 x y a © 7 x y -j Hfltot&fsaag 
«. i o ~ 5 o gas;a*©«Hi;:swr *> c turns. 

SW*tf . ax 7 'J -WMfcicafc* < E#i&2yfiln©J8 

^*i%4L»*L<fet>. amuo~4oaax. 
<f*L<tt 2o~3o sassssi-^sns. 

(0009] S«f te©#fttitftWJtK7 >f - F«© X 
7x/-;PAi8«&tfX7'J-»&KJ;0£;&£n. C 
nf>^«L.TStfn57»». il«tt2 0~8 0'C. .fct) 

«Fsu<tt3o~7 ot;fcfei»an6. c©«&, jesv^ 
tafftiftttx? •j-ffl»^©tfX7xy-^A©®» 

tX7'J-©ttKli^lcJ;2.ia®«2l*tffi!S»c^0, * 
[0 0 10] ±i2S«f»<0®«SfP«fl9IEraa5?&SIftlC 

iv, *#©±mi. x^'J— ©#8K©tfX7xy-ji' 
Aogf^groit^tc-p^^aoT^^aHOJSv^efff 
£u>. c©gg»aiftsts^tt±E*»*oss 

^tt*»«:0Sfi%»Cfi^t, tfX7x/-;PA©»l» 
DXM*IBC»:il«C£t>roT&«. ^«f«C«X 

snTSfc^tt&wia&ttx? u-tt*^ tfX7x/- 

;WA<D7x J -JU#DD«HlSa0Dtt«C|gS*4FASSS 

as*;. »sb<«3oiift%wTfcss$nsctA« 
a* • 

(0 0 11] ±K&#?Ii§£«iT#£n-5, tfX7xV 

a©7 x y -Kmmr&zmiMt ex 7 x y 
a© 7 x y - jttiMMM* s fc*x 7 u 



©7* )w-&m\z\-mmzK&&ftz >- h«a«*t 

TttftKIS5£3tt5t>©-T?ttfcV>*i. @ffi*H8an. 4 

feag&«cjtr*r 7"©t>©*^*L 
v). *§a®©aa-$>fSftJiii8$, t5&<mmtziT&r& 

8a®7)S©»»7j*<<£ffl-CSS. 
[0012] ®jR»!Btasg©7^jP3'-sis»catissn 
T*«snfc. tfx7xy-^A©7xy-;n*Jtw%«i 

Z. ifc#«£UTtt> 7xy-;k *, *-7i/-^ 

E&iK£fcfctc:n.e> tc tr x 7 x y -^A*»»«ps*ifc» 
©«»*4#frv$»rn<0T« c©JS/!fnx*a<NSK:ai 

**Btt*»6t>, t'X7xy-^A©fiaftxi*ffl»cifi 
^7xy-ji«iB»^*t.<«aT?*-6. *#c 

±B*a«s»«**tta;sft, »»**«aKt«^tt7x 
y-;k * % *-7xy-;wg^se*^fflsns*«, $ 

«FTS£K;0l&t>&&tt. WESf«*©ffiV»tfX7xy 

-;uA©ffift 7 x y c tTt>^« 

©sa*&#-5ctj5t-e^s. WMRtLTti. mmm 

mm. sra®. sHtt«-fi$fT^©-c, ^-©@«»bi 

ift^lSTffifflSns^Sfioatt*^^* 5 . ifei* 
S4$©^TfitiCtBS^T*-2>*«, feS©B»«n 
X, ftiHK©flHI. @"R> »«««>«*i»6ilt'i±» 

a*«. sas*Tes,s©o. i~i ommst 

[ooi3] *«wir*5i»T»4aa)©@^«sia-i?^ 
^tifcex7xy-^A©7xy-;wio«ii^s l tt. « 

<D'j>t£<thi®o\sioMvxmz&2nz>. ^ne>i 
s©« i? £ t j: o trx 7 x y -jpa© 7 x y -;v#tn 

Tffiffl$n«ist#fflffltflJ^« 7xy-;k *, *-7x 
y -^E€f»©fla t x 7 x y -a- A©ts*o 7 x y -;ws 

«i:^i;t>©7l«ffifflT€4. C©«^, tfX7xy-^ 
a© 7 x y ~M&fa®m&**8Mf&1] t>t7T » 

^«C« tX7 xy -^A©S«aX%'>f«t^©TJSl*6«) 



(4) 



ftR¥7-25798 



[0 0 14] «fSfflBffl»tti^©<t5fCtTff*?n* 

±&<omiso®mftmxmv®m£ vrmutsn^m 

UC&ffl©T*K>-7x/-»Rj£;ig 

xe. n®mma>mzn<»fa r-th>-y*;- 
KW&xe. *Rjt$jisiiKx8, aiexa 
©<rvrmr*><fc<. BM*j»ie©±st»csufcs&icj± 

SSfcHSIfoaa***. »S£©Jii8&ffi©«"&. 

r^cti)^^$><o. msMmzn®*. skwk: 
*©#3£i><. ®icwffittTtts*f« was 

Tlsl>R*©[6]±£B 2. C 1 *> "JUT**. 
[0 0 15] *«^lcA^5HjS^*ieH-r 

8t3ftfc«#»tf-e©&)8B«£*-r. kj& (i) ©x 

8Tte&ftfc&#ttTlC7x y-^t7t h >©KJSA»ff 
fc>*U KJfc^&te*©®® (1) ©X@Kf£D. 
T?^$6tl. ±S®«fll»wtgS!=£«SfflLfc«^tt^©* 
ffi. **©<i!j7xy-^©&?eKJ:Sj^#J*s;i&fr 

n. *ff <i) ©frt>tisa«fiiicsjss3tex7u- 

(D ©ig-etfx^xy-^Aro^xy-^ftWfe^ 
€>#«sn. mm (i) ©xaici**. 

[0 0 16) »®XgRU:^©^©©®»l8lStt^® 

^*^w©*w«aw«i-ia^Mt^*ns. ^ 
e. c©«fcp^s6«b»^tt9fiiros3aMS*^B£ 
is^^a©ss»t^$n2.. »»s 
nfc trx 7 x ; a © 7 x y -;w*ta«j*ssttBi6# 

fit (2) I8T@ffi»fil (l) ©XSIsi^lc:, £08*6 

fi©fea*«s^5»fit$n, *©«$? (i) ©xeiw 



bfttosn, c<Dm-cm<nm d) ©xafc*^ 

nt>nzztizts.z. warn *©aa&#&s (3) © 
xa»c#o, mz,mmzt$g,tt.mt#m<n. e&a 
(i) ©xa-ifbrx7x./-;i'A©7x/-;w ! t 

jaFStx8Ttta«j*K^Hg£K<fc*ftiffiTicffton. 

fc©Bi7x/-» (1) xm\Z&?1t&\Z7x.J-MZ 

ex7xy-jwA*^»fif*ns*^ ifx^xy-jPA 
ttiga (i) xeTsaifcttfraKattT©^^^ 

[0 0 17] SiK^fit©&Xg-C±i;fcS«fflfl5 

tt»conTgi9rrs. l*>u c©«Entt*%w©«fB 

£IS5rr*t>©Ttt&H. 0«£#IR (1) ©Xg-T?f§£ 
tlfcWtLKJW) (N a OH) fflHSttfc{£. EJ£ 

(i) ©isc^*nTSffiffl$n*. @ffi#flt (2) 
©ieT#enjts«tt@«»fii (i) ©x@©ft»* 
£LT&ffl<*n> mmu (3) ©xer»si*nfcs 
«tts^M» (i) &xm%tim (2) ©*xa©ft^ffl 

fcil/CfS&ffl;***. ft£ (1) •eJS58$tlT 

^snfc^xy-^ (gfctt^x^MO (D 

©8&. @8#8i (3) ©ife#&£fcteE£ (1) ©X 

a-mati/r&fflsft*. -t©<a. ;:©££ <i) © 

tKtttUTtt. K7x/-^©XST^fill/r# 

fc 7 x y -jk>^» c mm £ ns. 

[0 0 18] Jbffi©8i9lTtt. B*?#fii (3) ©xa& 

Bti^s©»aiSKA'pfc*«, *«we^tnc{g^ 
ztxfi^zttemmT&Kis ss. ®» (i) sa«f 

(1) m&if$. (3) ©XS$»OjgUTt>J:K 
[0 0 19] H2tttfe(?©lf7 > 7xy-^KffiXa** 
r *>to-Q3b*&.1& (11) ©ia©KfS4J««)tt««X 

a (i i) \z&k>, zz-vTVi®)* mmv>E&> *©<a 
7x/-;n?©iR«K«t-5ifeffi^fe-**jn2>i4t. mm 
$txfc»«©^*fce^RW'>fi*7fi^-ra c tw: 
fflmT$.sfc*. tsidi) ©xarffpstu ^ 
ttaw (id ©xac&stt*. c©<fc5»cuT#e. 
nfcX7U-tt@^»t (id ©xaT^atsaEfc 
#stan. ^a«®K d i) xa-c^stsn. 

7z/-* (1 1) Xa _ CtfX7xy-;i'At7x/- 
jHc5J88$nfc«. fcrX7x/-*Ataig&THfl*fc 

tt^fflsstfts. ffi® (i i) xnmmm&m (i 
i) xa-c^etifc»}fi«Rj£: (id ©xaiciisn 
TSflffl^n-s. *fcK7xy-;i' d D xaTftiK 
$nfc7xy-;Ki@iKiM8 en) xe©«fe»s£jcffi 

10 0 2 0) mz. mmmz^o^m^sim^. . 



(5) 
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trx7xy-;i/Aostt* (o, p#) 
cnsaiiag-esasii&au itsftfci3a£7xy-)p 

tfX7x/-JVAC!)Stt«£ (o. p{» 
(0 0 2 i] jhE«ffl-tJ->7';l' <<f> *^J5W5®gtr 

ft^nfcex7x/-;PA©7xy-jw«i»KiiBai o 

0gC7xy-;H 0OgSrllDA9 5"CKJnfflL/T»» 

Lfc. £©ex7xy-;PA©7xy-;i/g«£5 s"c 

X7x/-;i/AC07xy -JMWtJfcfca %£tt7 7 u - 

e77x/^-;PAostt# (o. p#o 



[0 0 2 2] (jJ^IST-X h) *18^T#^tlfc2aiS 

«Qtrx7x/-*A©i*->7> (-f) (□) 
8 0-c-c3KKJnissb!t. ina«©ex7x/-^A© 
-y->7^ 

tf7v7x/-)l/Afflgtt# (o. pflc) 
©itJta (ppm) 
^(nt&a^mwmim (ppm) 

»»fiODJilin (APHA) 

[00 2 3] 

[S6W©34«] 7xy-^t7-th>SK»acD^T 
' x / -A A© 7 x / WJPtt^a* S ttgte »C 12*16 

K<oex7x/-^Att»&n/i^A«. cotwgjea 
saw. ?sbs[#««:i&hhs» 
nn»05E-rt. tf77xy-;uA<07xy-jp#ijn«ii^ 



32. OMK 
2 5 00 0 ppm 
1 1 00 0 ppm 

64. 4£g% 

7> W) *1 6 5"CTJS»U «BETT7xV-JH£ 
SiUTtfX7xy-;l'ASr^&. C(Dtf77x7-^ 
AW^^SStfeffi (A— tf>feft©APHA N 
o. SKTC^f. 

1 20 0 ppm 
5 2 0 p pm 
8 0 (APHA) 

vmzii-yx^it. cti*K3ia«u nsn^isa* 
7xy-)i/rttjtuT, *sa-tf>:r> (a) sf&su 

1t. &m>-7))> (n) £16 6tTi»U «ETT 
7xy-^SS*lxTlfX7xy-;l'AS:#fc. C«hf 
X 7x J -^A©5Ftt«!«Stftffl*OTt:S-r. 

1 8 0 ppm 
1 0 0 ppm 
1 0 (APHA) 



(n) 



200 50 
9700 120 
220 40 

a* 1 &&*6&<z> bf x 7 x / -)P a*<$ sn«. «fc 5 r> 

[B)H©ffi*fcl»9n 

[13 1] *»^JCA»^«Sjg^fe©-^©XgHTft 
[02] fi£*<0Kii^ft<0-«s|(0X8a1?*S. 
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